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Introduction
Currently heat -resistant materials, with an operating temperature of 500 °C, are limited on the construction and heat-and-power insulation product market. Vermiculite slabs, mineral wool products and perlite plates can be referred to domestic materials. Plate materials are characterized by relatively high apparent density, which are more than 500 kg/m 3 , and have high cost due to expensive components. Mineral wool products have a very limited application because of their physical characteristics.
Calcium silicate plates produced by the Danish company «Skamol» alternatively, can be considered as an alternative to these materials. Table 1 shows the comparative characteristics of foreign and domestic calcium silicate plates and the closest substitutes [1,2]. Analyzing the data, we can conclude that Skamol plates are the most promising for use in power and civil engineering.
According to manufacturer information, calcium silicate materials are formed by the reaction of amorphous silica and quicklime in a reinforced matrix on the basis of harmless fibers. The open porosity of the materials is more than 90 %. Due to the small pores, the plates have excellent thermal insulation properties and can be used in the temperature range from -200 °C to 1100 °C. According to the manufacturer, «Skamol» uses the reactivity of silica and quicklime and produces plates, consisting of pure xonotlite.
Currently calcium silicate plates of Chinese companies appeared on the market of heat insulation, that are similar in heat and power characteristics with the plates of Danish company «Skamol».
Microsilica is used as a silica -containing component in the products of the company «Skamol». The use of this component results in tintage of the products in grey color. The samples of Chinese products are white in color and are manufactured using fine sand [3] .
As the plates of Danish and Chinese companies have similar and excellent characteristics, feasibility study was conducted to investigate phase and mineralogical composition, as well as the impact of high temperatures on foreign models. To determine the phase composition of the materials, the method of X-ray diffraction analysis (XRD) was used, which was conducted by means of the device DRON-3* [4] . Comparative X-ray diffraction pattern of the Danish sample «Super-Isol» and the sample of Chinese material are presented in Fig.1 .
Fig.1. The Results of the XRD samples of the «Super-Isol» and the Chinese substitutes
Interpretation of the comparative X-ray diffraction pattern of the samples «Skamol» and Chinese substitutes leads to the following conclusion: since virtually all the peaks coincide, hydrated calcium silicate -xonotlite (Ca 6 [Si 6 O 17 ](OH) 2 ) is crystallized in both materials. However, there was less crystalline perfection of the Chinese sample.
The high-temperature behavior of the material (Skamol, Chinese, gas silicate «Sibite») was studied on the sample tiles of 100*100*25 mm in size calcinated in the blind roaster up to the temperature of 1000 °C with an exposure of two hours. The results are shown in Table 2 . Some cracks appeared on the sample of the autoclaved silicate and the sample became brittle. Both industrial samples kept integrity and size, the mass decreased on average by 10 %. Subjectively, the Skamol sample is stronger than the Chinese one. When heated to high temperatures (over 800 °C), xonotlite, like other calcium silicate hydrate turns into wollastonite (CaSiO 3 ) with high chemical and thermal stability (melting point is above 1300 °C) to be used for service at high temperatures. Xonotlite contains one mole of water in its molecule and when heated, the transition from xonotlite to wollastonite occurs without substantial destruction of the material structure. The heating of calcium silicate hydrate -tobermorite (main products of synthesis at low pressures) leads to significant reduction of the strength characteristics, shrinkage and often to the destruction of the product [5] .
Based on the literature analysis, it is known that the synthesis of xonotlite from equimolar amounts of silica SiO 2 and CaO is possible at high pressure (16 atm) [6] . Visual analysis of macrostructures of the imported samples, obtained with an electron microscope Hitachi S-3400N**, leads to the following conclusion: water is used as a porogen in these materials, as evidenced by a microporous structure of the products (Fig. 2, 3) . In addition, the Skamol sample was researched by the method of Differential scanning calorimetry (DSC) on SDT Q600*** [7] . There is a thermogram of the Skamol sample in Fig. 4 .
Fig. 4. Differential scanning calorimetry results of the Skamol «Super-Isol» sample
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At the beginning of the process there is a slight endoffect. Then intensive evaporation of water is being observed evidenced by the peak of exo-effect at 335.8 °C. The weight loss is approximately 6.8 %. Combustion of organic compounds is noted to be in the range from 450 -700 °C. Chemical water evaporates at 700 -800 °C. The wollastonite crystallization process is presented in terms of insignificant exo-effect under 805 °C. Combustion of the remaining carbon residue occurs at 810 °C with a loss of approximately 2 % of the initial mass.
The hypothesis of technology development was made according to the results of the conducted researches: the researched material can be obtained by means of water suspension autoclave processing prepared by intergrinding of silicic rock and lime.
Materials and methods
In this study raw materials were presented by:
• the condensed microsilica (Novokuznetsk, Russia); • quartz sand (A21, Tuganskiy GOK "Ilmenite", Russia); • milled and hydrated calcium lime of the first grade according to GOST 9179-77 (Russia); • polypropylene fibre (LLC ETS-Siberia, L = 0.6-0.8 mm, Russia).
Based on the reaction of xonotlite production Ca(OH) 2 +SiO 2 +H 2 O=СaO × SiO 2 × 2H 2 O the mixture ratio was 1:1 [5] . To obtain suspension of a proper consistency, some compositions with different amount of water were prepared. The received compound was dispersed in a planetary laboratory ball mill under the different modes.
Table 3 -Mixtures with different compositions and modes
Fiber in the amount of 2 % of mass was introduced into a part of slurry dry, then poured in metal forms (sizes of 100*100*25 mm) and subjected to hydrothermal processing according to the modes: 1) 16 atm 6 hours; 2) 12 atm 6 hours.
The most appropriate samples were researched by the XRD method on the DRON-3 instrument and DSC method on the SDT Q600 instrument and also calcinated under 1000 °C.
Results and Discussion
Chart analysis of the X-ray diffraction method shows, that mainly xonotlite is synthesized under hydrothermal treatment at 16 atm, whereas at 12 atm. xonotlite and low-basic hydrosilicatetobermorite are synthesized. There is less crystalline perfection of the obtained sample, but all the major peaks are presented on the X-ray diffraction pattern. The samples withstood calcinating without structure destruction. The obtained curves indicate the occurrence of similar processes in the industrial sample and laboratory synthesized material. 
Conclusion
The influence of technological parameters on the structure and properties of the synthesized materials was researched. At 16 atm synthesis of xonotlite is found to carry out more completely, that significantly affects the strength of the products. The possibility of calcium silicate obtaining heat-resistant materials based on the local raw materials was investigated. The obtained laboratory samples for their properties were similar to the imported materials. The strength characteristics of the products are approximate after calcination, which confirm the right direction of the research work.
The obtained results allow us to develop the technology of heat-resistant calcium silicate materials after the detailed studies.
